D-loop cycle. A circular reaction sequence which comprises formation and dissociation of D-loops and inactivation and reactivation of superhelical closed circular DNA promoted by recA protein of Escherichia coli.
Excess recA protein, a protein essential to general genetic recombination in Escherichia coli, promotes a sequence of formation and dissociation of D-loops from negative superhelical closed circular double-stranded DNA (form I DNA) and homologous single-stranded fragments in the presence of excess ATP, resulting in inactivation of the form I DNA without apparent damage to the DNA. The dissociation of D-loops is accompanied by hydrolysis of ATP to ADP that apparently depends on homologous DNA molecules (homology-dependent ATP hydrolysis). However, at a lower concentrations of ATP, we observed anomalous kinetics in the formation and dissociation of D-loops; as the concentration of ATP was decreased, there was a progressively smaller dissociation of D-loops and a faster resynthesis in the second phase, without changing the rate of the first formation of D-loops. This anomaly might suggest that, as the increase in the amount of ADP relative to that of ATP, dissociation form I DNA is stimulated before formation of D-loops is inhibited. We found that addition of ADP inhibited competitively both formation and dissociation of D-loops and that the latter process was more sensitive to the inhibition than was the former process. Addition of a sufficient amount of ADP to inhibit both formation and dissociation of D-loops, cessation of homology-dependent hydrolysis of ATP, or incubation at low temperature resulted in reactivation of form I DNA that had been inactivated by the sequence. In the presence of an ATP-regenerating system, we confirmed our previous result that limiting the amount of recA protein also causes anomalous kinetics in the formation and dissociation of D-loops. These observations indicate that the formation and dissociation of D-loops and the inactivation and reactivation of form I DNA make a circular reaction sequence.